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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Declaration of Leslie Jnhnsnn Under 37 CFR 1.131 

Dear Sir: 



1. I, Leslie S. Johnson Ph.D,, citizen of the United States of America, and residing at 
13545 Ambassador Drive, Gewrmantown, PA 20874; state and declare that upon infromation 
and belief that I am the inventor of the invention described and claimed in U.S. Serial No. 
08/290,592, entitled "Human-Murine Chimeric Antibodies Against Respiratory Syncitial Virus". 

2. This Declaration is submitted to establish conception of the invetion in this application 
prior to March 1991, which is the effective date of Tempest et aL, cited by the Examiner and 
to establish reasonable diligence from a date prior to the effective date until Applicant's acDial 
reduction to practice. 

3. Attached hereto is Exhibit 1 which establishes a fully formed conception of the 
invention. It is an SBIR grant application(assignment number 1R43AI30300-01 Al) which was 
submitted and receipt by the National Institutes of Health prior to March 1991. See particularly 
the bottom half of page 10 and the Experimental Design and Methods section at pages 14-18. 



4. Attached hereto are Exhibits 2-4 which establish diligence in the completion of the 
invention from a time prior to die effective date of Tempest et aL continuously up to the date 
of the actual reduction to practice of the invention, by production of the humanized-mouse 
chimeric antibody. These documents are as follows: 

Exhibit 2: 

These notebook pages document work performed by Ms. Lisa Bennett on the cloning and 
manipulation of the murine anti-RSV MAb 1 129 in preparation for humanization. 
Specifically detailed are the PGR amplification of the 1 129 heavy and light variable regions, 
the insertion of these PGR fragments into plasmid vectors and the DNA sequencing of the 
resultant inserts. This work was particularly important because she confirmed the existence 
of additional variable region sequences from the parental myeloma cell line used to make 
the 1 129 hybridoma. These pages document the construction of a single-chain Fv form of 
the molecule. The variable regions were then combined with the appropriate human 
constant region gene segment for eventual comparison to hul 129. Also the pages 
document the construction of a vector for the in-frame insertion of synthetic humanized V- 
region gene segments. 

Exhibit 3: 

These notebook pages documents work done by Mr. David Pfarr on the construction and 
evaluation of a eukaryotic expression vector capable of the expression of humanized anti- 
RSV MAb's. The vector needed to be capable of both transient and stable expression and 
to facilitate expression of heavy and light chain genes either by co-transfection or from the 
same plasmid; both under the control of a strong enhance/promoter. 
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Exhibit 4: 

These pages document the expression and assay of humanized anti-RSV MAb hul308F. 
Particularly they document the ability of hul308F to bind to and thus immuno-precipitate 
radioactively labeled RS V F-protein expressed from a vaccinia virus construct. In addition 
they detail the transient expression of hul 129 and the generation of stable cell lines 
expressing hul308F and hul 129. 
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5. This Declaration is submitted prior to final rejection. 



6. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true and further that the 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the application or any patents 
issued thereupon. 





FIRST CLASS CERTIFICATE 



Respectfully submitted. 



I hereby certify that this 
correspondence is being deposited today 
with the U.S. Postal Service as First 
Class Mail in an envelope addressed to: 




Reg, No. 28,019 



Assistant Commissioner for Patents 
Wasiiington, DC 20231 



CARELLA, BYRNE BAIN, GILFILLAN, 

CECCHI, STEWART & OLSTEIN 
Six Becker Farm Road 
Roseland, NJ 07068 
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RESEARrHPTANJ 



A. Spftdfip Aim«? 

Murine monoclonal antibodies against the F glycoprotein of RSV have been developed 
and characterized. These have been shown to neutraUze RSV in vitro and protect cotton rats 
from lower respiratory tract infection in vivo. Previous studies with other rodent antibodies 
suggest that the development of human anti-mouse antibody responses would preclude the 
use of these murine antibodies directly in children. Therefore, it is the objective of this Phase 
I study to develop humanized versions of these anti-RSV antibodies which could then be used 
for passive immunization against RSV infection. 

The specific objectives of Phase I work are as follows: 

1. Clone and sequence the variable domains of the heavy and light 
chains from two selected murine anti-RSV monoclonal antibodies. 

2. Substitute the coding regions for the complementarity determining 
regions from the murine cDNAs for the corresponding regions in 
human antibody heavy and light chain sequences. 

3. Express the so constructed genes in mammalian cells and purify the 
humanized antibodies. 

4. Characterize these antibodies with respect to: 

a) antigen binding compared to the mouse parent 

b) in vitro RSV neutralization, and 

c) in vivo protection against RSV challenge in the cotton rat model 

The successful completion of the studies described in this application will provide the basis 
tor produang a product which could be tested in humans for prophylaxis against RSV 
infections m Phase II studies. It would also be prototypical for the development of 
humanized antibodies against other infectious agents and their use in treatment or 
prevention of illness. 



6. Signifjpanpp 

Respiratory syncytial virus (RSV) is the most common cause of lower respiratory 
tract mfection m young children. In the United Sates alone, approximately 90,000 children 
are hospitalized and 4,500 children die from RSV infection each year (1). At special risk of 
senous RSV morbidity and mortaUty are children with underlying diseases such as 
congemtal heart disease, bronchopulmonary dysplasia (BPD) and other pulmonary diseases 
various congemtal or acquired immunodeficiency syndromes and prematurity (2-5) There ' 
are over 100,000 such high risk children in the United States. 

Infants with congenital heart disease (CHD) have a high fatality rate from RSV 
infection. In a prospective study, MacDonald fit al (2) compared the course of hospitalized 
infants with CHD with and without RSV infection; the 27 CHD infants with RSV infection 
had a lugher mortality rate (37%) both than the 46 CHD infants without RSV infection (6.5%) 
fcS"9^i and than the 202 infants without CHD but with RSV infection (1.5%) (p<0.01). In 
KbV infected infants with bronchopulmonary dysplasia, a chronic lung disease occurring in 
approximately 20% of all preterm infants requiring mechanical ventilation at birth (6), 
Cxroothuis fital (3) demonstrated a high degree of morbidity. Sixteen of 30 BPD patients 
Jollowed prospectively over one winter were infected with RSV; 11 of them required 
hospitahzation (4 m the intensive care unit). Although no fataUties occurred in this study 
KbV is recognized as a common cause of death in BPD patients (7). Infants bom 
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prematurely are a third and numerically imcortant risk group for RSV infection, 
particularly during their first 6 months of life. In a nine vear prospective study at the 
University of Rochester (5), 30% of children hospitalized with RSV pneumonia'or 
bronchiolitis had been born prematurely. It is clear that RSV infection can be fatal in such 
infants (7). 

Although an antiviral drug, ribavirin, has recently been licensed for therapy of RSV 
pneumonia and bronchiolitis (8,9), its value is controversial (10). Unfortunately, RSV 
vaccmes are unavailable and unlikely to be licensed in the near future (1). A major obstacle 
to vaccine development is safety; the initial formalin inactivated RSV vaccine caused an 
increased incidence of RSV lower respiratory tract disease and death in immunized children 
(11). Currently the most promising approach to prophylaxis of RSV disease in high risk 
infants is passive immunization (12). 

Support for the potential utiHty of passive immunization derives from studies of 
immune globulin or monoclonal antibodies in the prevention of experimental RSV infection 
in cotton rats (12-14) and Aotus monkeys (12, 15). In these animal models, immune globulin 
or monoclonal antibody infused prior to viral challenge prevented lower respiratory infection 
and reduced nasal RSV titers by 50-fold. Similar studies showed that high-titered RSV 
immunoglobulin was effective therapy for RSV infections in these animal models (13 15) 
Infected animals treated with RSV immune globulin, showed no evidence of pulmon'ary " 
immune-complex disease (13, 15). A double-blind, placebo-controlled intravenenous 
immunoglobuhn (IVIG) immunotherapy study was undertaken in 35 children hospitalized 
1 ooxr u It (16) Therapy was well tolerated and resulted in significant reductions in 
nasal RSV shedding and oxygenation in the treated infants. An NIAID sponsored multi- 
center Phase I safety tnal of intravenous immune globulin given prophylactically to high 
risk infants was recently completed (17). Infusion of 10-15 ml/Kg of commercial lots of IVIG 
selected for high neutralizing antibody titer was generally well tolerated. RSV infection was 
."^^^S-r-^'^j^ patients, only one of whom had severe illness. Molecular Vaccines Inc 
( MVI ) IS developing an RSV intravenous hyperimmune globulin for the prevention and" 
treatment of RSV disease in high risk children. In collaboration with Massachusetts Public 
Health Biologic Laboratories, plasma from donors was screened by a virus micro- 
neutrahzation assay to identify those containing high titers of neutralizing antibody to RSV 
Ihese were then pooled and used to prepare a hyperimmune globulin which is currently 
being tested in a NIAID-sponsored muiticenter Phase II efficacy trial for the prophylaxis of 
KbV lower respiratory tract infection in infants with serious heart and lung disease. 

ocw , ^^^^ hyperimmune globulin is shown to reduce the incidence and severity of 

RSV lower respiratory tract infection in high risk children, several disadvantages may Umit 
Its use One drawback is the necessity for intravenous infusion in these children who have 
limited venous access because of prior intensive therapy. A second disadvantage is the large 
volume of RSVIG required for protection, particularly since most these children have 
compromised car^opulmonary function. A third disadvantage is that intravenous infusion 
necessitates monthly hospital visits during the RSV season which places these children at 
nsk of nosocomial RSV infection (7). A final problem is that it may prove impossible to select 
sufficient donors to produce a hyperimmune globulin for RSV to meet the demand for this 
product. Currently only about 5% of normal donors have RSV neutralizing antibody titers 
high enough to qualify for the production of hyperimmune globulin. 

One approach to circumventing a number of these problems may be to vaccinate adult 
volunteers with a live RSV vaccine to boost natural immunity in these individuals. This may 
then increase the number of individuals who have serum antibody titers high enough to be 
used to prepare a hyperimmune globulin, or to increase titers sufficiently high to prepare a 
product which could be used intramuscularly 
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Another approach may be the development of monoclonal antibodies with high 
specific neutralizing acti\aty as an alternative to hyperimmune globulin. The advantages of 
a monoclonal antibody approach are several, the most significant of which is that it would 
permit the production of a highly defined product with a standardized potency. Unlike an 
immunoglobuhn product in which only a small fraction of the antibody is RSV-specific, a 
monoclonal antibody product would not contain any irrelevant antibody. Hence, the si^cific 
activity would be 50- to 100- fold higher than an immune globulin product and could 
potentially be used intramuscularly. In addition, if recombinant DNA methodology is used 
for production of the monoclonal antibody, it can be selectively engineered to provide the 
desired biological properties (Fc effector function, valency, pharmacokinetics, etc.) 
Monoclonal antibodies to other infectious agents for which these children are' at risk 
(influenza and parainfluenza viruses) could also be combined to produce a "cocktail" and 
provide broader protection to these children. Since it is likely that repeated dosing of these 
monoclonal antibodies will be required during the high risk RSV season (November to 
March), it will be preferable, if not necessary, to use human monoclonal antibodies rather 
than murine or rat antibodies to minimize the development of human anti-rodent antibody 
responses which may compromise the therapeutic efficacy of the antibody or induce 
immune-complex pathology. However, the generation of human monoclonal antibodies with 
the desired specifiaty may be difficult and the level of production from human cell Unes is 
often low, precluding their development. 

An alternative is to produce human-mouse chimeric antibodies which contain the 
binding specificity of a pre-characterized murine antibody. A series of eighteen murine 
monoclonal antibodies against the RSV F glycoprotein have already been produced (18) They 
have been char-ctcnzcd v.-ith regard to their neutralizing potential, both to the parental RSV 
strains used to immunize the mice to generate the hybridomas, as weU as a number of 
different virus strains isolated from 1956 to 1985 from various geographical locations They 
have also been shown to provide protection in the cotton rat challenge model (Dr.Greg 
Pnnce, personal communication). In addition, these antibodies have been mapped by 
competitive binding and reactivity profiles of virus escape mutants to three broad antigenic 
sites (A, B and C) containing 16 epitopes. Epitopes within antigenic sites A and C show the 
least variability m natural isolates. MVI has obtained through Research Materials Transfer 
Agreements with Dr. Brian Murphy, National Institutes of Health and Dr. Larry Anderson 
Centere for Disease Control, hybridomas producing eight of these murine monoclonal 
antibodies for further studies. These antibodies should were selected because they 
represented seven different epitopes, reacted with the highest number of virus strains tested 
(at least 13 out of 14 isolates) and retained the greatest neutrahzing activity against virus 
escape mutants selected with the other antibodies. Table I summarizes the features of these 
eight antibodies. 



Monoclonal 
Antibody 

1153 

1142 

1129 

1121 

1243 
1332H 
1308F 
1302A 



TableT 

Characteristics nf murine monoclonal antibodips mi ) 

Immuno- 



Antigenic 
site 
A 
A 
A 
A 
C 
C 
C 
C 



Epitope 

1 

1 

4 

5 
11 
12 
13 
14 



globulin 
subclass 
IgGik 
IgGik 
IgGik 
IgGik 
I&G2Ak 
IgG2Ak 
IgGik 
IgGik 



# of RSV 
strains 
neutralized 
13^4 
13^4 
1314 
1314 
1314 
14/14 
14/14 
14/14 
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Protection Against RSV Prnlifpr ar.inn in vjim 

We examined eight of these monoclonal antibodies, specific for the RSV F 
glycoprotein, for their ability to block RSV replication when administered to cotton 
rats by the intranasal route prior to virus challenge. These antibodies were selected 
because they represented seven different epitopes, reacted with the highest number of 
virus strains tested (at least 13 of 14 isolates) and retained the greatest neutralizing 
activity against virus escape mutants selected with the other antibodies. Table I 
summarizes the features of these eight antibodies. 

Cotton rats (S. fulviventer, 3 animals per group, average weight 100 grams) 
were anesthetized vdth methoxyflurane and given 0.1 ml of antibody solution (10 
mg/ml or 1 mg/ml in phosphate-buffered saline (PBS) by intranasal (i.n.) instillation 
A pooled monoclonal antibody mixture of all eight monoclonal antibodies (10 mg/ml 
total, 1.25 mg/ml each or 1 mg/ml total, 0.125 mg/ml each) was tested. Control 
animals were given 0.1 ml of a bovine serum albumin suspension (10 mg/ml or 
Img/ml) in PBS or standard human immune globulin (Sandoglobulin Sandoz Inc 
East Hanover, N.J.) in PBS (10 mg/ml or 1 mg/ml). One day later, animals were " 
again anesthetized with methoxyflurane and challenged by i.n. instillation of 10^ 
plaque forming units (PFU) of the Long strain of RSV. Four days after virus 
challenge, all animals were sacrificed by carbon dioxide asphyxiation. Lungs were 
harvested and homogenized in 10 parts (wt/vol) of Hanks balanced salt solution 
supplemented with 0.218 M sucrose, 4.4 mM glutamate, 3.8 mM KH2P04 and 3.2 mM 
K2HP04 and the resulting suspension wao atny^d -700C until assayed for virus 
content. Virus titers were determined using a plaque assay on HEp-2 cell monolayers 
and are expressed as PFU per gram of tissue. 

The results shown in figure 1 indicate that each of the monoclonal antibodies 
showed a significant reduction in pulmonary virus titer, and were at least as effective 
and m most cases more effective than the standard immune globulin or the pool of the 
eight monoclonal antibodies. Surprisingly, five of the eight monoclonal antibodies 
appear to completely prevent infection at the high dose and one even at the low dose. 

TDc^T. '^S® ^^^^ described above were further examined for their ability to block 
KbV replication when administered at lower doses to cotton rats by the intranasal 
route prior to virus challenge. Cotton rats (S. hispidus, 4 animals per group average 
weight 100 grams) were anesthetized with methoxyflurane and given 0 1 ml of 
f^ocf?^ solution (1 mg/ml, 0.1 mg/ml or 0.01 mg/ml in phosphate-buffered saline 
(PBS) by intranasal (i.n.) instillation. Control animals were given 0.1 ml of a bovine 
serum albumin suspension (1 mg/ml) in PBS. One day later, animals were again 
anesthetized with methoxyflurane and challenged by i.n. instillation of 10 5.0 plaque 
forming units (PFU) of the Long strain of RSV. Four days after virus challenge, all 
animals were sacrificed by carbon dioxide asphyxiation. Lungs were harvested and 
^o'^^^.T''^^ (wtyvol) of Hanks balanced salt solution supplemented with 

0.218 M sucrose, 4.4 mM glutamate, 3.8 mM KH2PO4 and 3.2 mM K2HPO4 and the 
resulting suspension was stored at -70OC until assayed for virus content Figure 4 
shows that each of the monoclonal antibodies, except MAb 1243 showed a significant 
reduction in pulmonary virus titer when given at the 0. 1 mg or 1 mg doses. MAb 
1308 showed the best reduction among those to the C region of the F protein, while 
1129 and 1121 were the best among those which bind to the A region 
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r igure 1 

Prophylaxis of RSV Infection in S. Fulviventer 
Using Anti-F Monocional Antibodies 



r Igure 1 



Propnyiaxis of RSV Infection m S. Hispidui 
using Anti-F Monoclonal Antib dies 
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RSV Xeutralizatinn m nitrn 

The eight monoclonal antibodies were also tested for their ability to neutralize 
virus in vitro. Neutrahzation was measured by a piaque-reduction assay The data 
are presented in Table 2. All antibodies showed neutraUzing activity at the high 
concentration (10 mg/ml) whereas three of the monoclonal antibodies (1243,1302A and 
1331H) showed no activity at the lower concentration ( 1 mg/ml). 

While there appears to be a correiatation between in vitro neutrahzing activity 
andln vivo protection for the antibodies to the C region of the F protein, such a 
correlation is not apparent for those to the A region. 



Table II. 



Neutralization Titers for Monoclonal AntihoHiAQ 


BSA 


10 mf/ml 


1 mgr/ml 


<20 


<20 


Sandogiobulin 


1360 


200 


Pooled MAbs 


4100 


300 


1121 


1340 


120 


1129 


3540 


240 


1142 


6140 


420 


1153 


9940 


700 


1243 


300 


<20 


1302A 


480 


<20 


1308F 


3540 


440 


1331H 


1960 


<20 



Currently the murine antibodies are being further tested individually, and in 
pairwise combinations in the cotton rat for protective efficacy and potential synergy or 
competition. Two of these antibodies will then be selected, most probably one from antigenic 
site A and one from antigenic site C, to produce mouse-human chimeric antibodies. 
Although a number of laboratories have constructed chimeric antibodies with mouse 
variable and human constant domains (19-27), the mouse variable region may still be seen as 
foreign (28). Therefore, it is preferable to construct humanized antibodies in which only the 
hypervanable or complementarity determining regions (CDRs) of the heavy and light chains 
from the murine antibody of the desired specificity are transplanted onto the framework of a 
human antibody (28-30). These antibodies retain the binding capacity and affinity of the 
murine monoclonal antibody. Since the CDRs do not contain characteristic rodent or human 
motifs, these humanized antibodies should be indistinguishable in sequence from completely 
human antibodies thus minimizing human antibody responses. Once the humanized 
antibodies have been produced and characterized in these Phase I studies. Phase II studies 
would be initiated to examine the protective efficacy of these molecules in clinical studies. 

Cloning and Analysi s of V-regnon cDNA's 

On the basis of the above data, we selected the antibodies 1308F, specific for the 
C region of the RSV F protein, and 1129, specific for the A region as the initial targets 
for humamzation. Total RNA from 1308F hybridoma cells was purified by the method 
°^^XT A "^^^ subjected to one round of ohgo dT chromatography. Double stranded 
cDNA was made from this RNA using primers complementary to the gl or K 
constant region segment. The cDNA was inserted into pUClS at the Sma I site and 
transformants were screened using a second oligonucleotide from a region of the c- 
region between the first strand cDNA primer and the variable region. cDNA inserts 
from positive clones were subjected to DNA sequencing and the variable region 
sequences were determined. 
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A comparison of the 1308F Vh sequence with all sequences in the NBRF 
protein sequence database was performed using the wordsearch program from the 
University of Wisconsin analysis programs. This search revealed significant 
homology to two human Vh regions. The highest homology was to the human 
germhne gene HV3. The two sequences are 62% homologous overall and 65% in the 
framework regions. Significantly there is good homology at the junctions of the CDR 
segments and the frameworks with the exception of the 5' end of FR2. The mouse and 
human sequences as well as that of a potential CDR-Grafted combination of the two is 
shown in figure 3. 

A similar analysis of the VL region revealed high homology to the human 
germ line V-kappa gene K102. The alignment of these sequences is shown in figure 2. 
In this case the homology is 62% overall and 73% in the framework regions. In each ' 
case a human J-region can be selected which is identical to the mouse sequence. This 
comparison is shown in figure 4. 



C. Relevant Experience 

L. Syd Johnson (Ph.D.) is a molecular biologist with considerable experiance in the 
cloning, sequencing, analysis and expression of antibody segments. While at Genex 
Corporation he was instrumental in the development of single-chain antibody technology. 

Geetha Bansal (Ph.D.) has more than 10 years experience in the production of 
monoclonal antibodies, and in Western blotting, RIA,ELISA, receptor binding, T cell 
proliferation and lymphokine assays. She is currently involved in the development of 
parvovirus B19 diagnostic assays, vaccines and hyperimmune globulin as well as AIDS 
vaccine and AIDS immunotherapeutic research and development. 

David Feller (Ph.D.) is a biological computational chemist with experience in writing 
and using computer apphcations for the purpose of structure-function analysis of proteins 
and nucleic acids. 

Molecular Vaccines, Inc. is currently developing and testing hvperimmune globulin 
products for three human virus infections: respiratory syncytial virus (RSV), Parvovirus B19 
and cytomegalovirus (CMV). Further, we have research, development and business 
relationships in place withMassachusetts Public Health Biologic Laboratories (Dr.George 
Siber) for production of these immunotherapeutic products. Clinical trials are in their 
second year for the RSV product. The CMV immunotherapeutic has been approved by the 
FDA an is expected to be marketed in 



D. Experimen tal Design and MftthnH g 

To develop humanized antibodies against RSV, we will begin with murine hybridoma 
cells producing murine monoclonal antibodies which have been shown to neutralize 
RSV in vitro and protect cotton rats against lower respiratory tract infection with 
RSV. RNA will be extracted from these cells, the rearranged immunoglobulin 
variable regions will be cloned and sequenced and murine CDR s will be substituted 
into human heavy and light chain cDNAs. The humanized antibodies will then be 
expressed and characterized relative to the parental murine antibodies to be certain 
that the genetic manipulation has not drastically altered the binding properties of the 
antibodies. 



14 



I " ( 1 * - 

^pbnnson. Leslie Sydnor 



1. Cell Growth and mRNA Extraction 

Murine Hybridoma cell lines will be maintained in RPMI 1640 supplemented 
'vvith 15% fetal bovine serum. Cell culture supernatants will be routinely assayed by 
SLISA for the production of antibody with specificity for the RSV F protein. Total 
RNA from 1 x 10^ cells will be extracted by the method of Chirgwin, et al (32). pA+ 
RNA will be purified by oligo-dT chromatography using spin columns. We have also 
had success purifying pA+ RNA adequate for cDNA cloning of immunoglobulin 
variable regions using the Fast-Track kit from Invitrogen. 

2. Variable Region cDNA Qoning and Seouenring 

cDNA copies of the VH and VL of the target antibody will be generated 
essentially as described by Bedzyk, et al (33). The first strand cDNA reaction will be 
carried out using a phosphorylated oligonucletide complementary to a segment of the 
mRNA coding for the constant region of the particular heavy or light chain isotype. 
This primer anneals to a segment of the mRNA adjacent to the variable region. 
Second strand cDNA synthesis will be carried out using RNase H and E. DNA 
polymerase I, as described by Gubler and Hoffman (34), followed by T4 DNA 
polymerase to assure that blunt ends are produced. 

Signal V J I C -nRNA 

^ 1 St strand cDNA ^ 

— — "~~ — — — — — — ^ymer 

_ 2nd strand cDNA ^ 



The ds-cDNA will then be ligated into pUCl8 which has oeen mgested with 
Smal and treated with alkaline phosphatase. The Hgated DNA will be used to 
transform E, gplj DH5a by the method of Hanahan (35). Colony hybridization will be 
used to identify transformants carrying the desired cDNA segment. The probe for the 
hybridization will be a second segment of the c-region sequence lying between the first 
strand cDNA primer and the V-region. Probes corresponding to the J segments of the 
variable regions can also be used. Insert size of the plasmids in the positive clones 
will be determined. Because the 5* end of the first strand cDNA is fixed a nested set of 
sequences can be chosen for sequencing by picking those approximately 450bp (full 
length), 300bp and 150bp, subcloning into M13mpl8 and mpl9 and sequencing. After 
the sequence is determined in this way full length clones will be sequenced entirely on 
both strands to assure that this agrees with the composite sequence. 



By taking advantage of the fact that immunoglobulin variable region 
genes are flanked by conserved sequences on one end and by semi-conserved 
sequences at the other, it is possible to design consensus primers to selectively clone 
the variable regions of rearranged immunoglobulin genes by the use of the 
polymerase chain reaction (PGR) (36,37). This approach will be used as an alternative 
if the cDNA cloning does not proceed rapidly, and as a replacement for this step at a 
later time. 



3. Design and Assembly of Humnni zed Antibodips 

The CDR regions of the Vfj and Vl will be identified by comparing the amino 
acid sequence to known sequences as described by Kabat (38). In order to select the 
human firamework sequences best able to accept the mouse derived CDR sequences in 
a conformation which retains the structure of the antigen combining site, the 
following strategy will be employed. First, the sequence of the murine Vjj region will 
be compared to known human sequences from both the Genbank and NBRF protein 
databanks using the Wordsearch program in the Wisconsin package of sequence 
manipulation programs (39). The best several human V-regions will then be 
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analyzed further on the basis of similarity m the frameworit regions, especially at the 
junctions of the framework and CDR regions. 

Molecular modeling will be done using Silicon Graphics (SGI) computers at 
United States Army Research Institute of Infectious Diseases (USAMRIID) and at the 
Army's Ballistics Research Laboratory (BRL). The computer application that will be 
used is DISCOVER (Biosym Technologies, San Degio, CA) which is built upon the 
AMBER potential energy functions. 

The human Vpj regions selected in this way and the original mouse sequences 
will be modeled onto the corresponding region of another antibody for which a high 
resolution X-ray structure is available, such as MCPC603. The murine CDR regions 
will then be inserted into the human model and the structures compared with 
particular attention to (a) the structure of the combining site and (b) possible 
perturbations of the framework structure. In cases where there is a divergence in 
the mouse and human sequences at the boundaries of a CDR both will be modeled. In 
general preference will be given to retaining the mouse residues in such a case if it 
appears Hkely that substitution of the human residues will perturb the CDR 
structure. 

The human Vl region can be selected in one of two ways (a) Use the Vl which 
was associated with the human Vp^ used or (b) use the same strategy as was 
employed to select the human framework. Which approach we use will depend 
on the a-, ail^bility of a both Vl and Vh sequences in the databases and relative 
homology of the two to the murine counterparts. The former approach is preferable if 
both sequences are available. In a case where a human Vh framework is found and 
the Vl is not available, such. as where the human sequence is from an unrearranged 
germhne gene, the latter strategy will be undertaken. As long as a Vl of the same 
subgroup as the one chosen has been found with a similar Vh such an approach 
should be valid. 

The designed variable region genes will be assembled from oligonucleotides. 
Complementary pairs of 60mers with 10 base pair overlap will be made and annealed. 
Adjacent gene segments will be Ugated together pairwise and then three sets will be 
combined to assemble an intact VL or VH gene segment (350bp). 



T 



T 



4. Expression of HuTnamVjHl Antih^j^ 

Once the humanized VL and VH have been designed and modeled the project 
becomes more empincal in nature. Genes will be designed synthesized and 
expressed, at which time the question of whether the affinity of the recombinant 
antibody is similar to the murine Mab from which is was derived can be answered. 
The rapidity with which these steps can be undertaken is thus of importance in finally 
obtaimng a humanized antibody which retains most of the affinity of the parent. To 
this end we will work with an transient expression systems to produce large enough 
amounts of antibody or antibody fragments to compare to the native antibody or 
fragments therefrom. 
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The ability of recombinant vaccinia virus carr>ang the bacteriophage T7 RNA 
polymerase gene to promote efficient expression of foreign genes co-introduced under 
the control of a T7 promoter will be utilized as our initial production system. Plasmid 
vectors containing a T7 promoter and a Cap-independent translation initiation signal 
from the encephalomyocarditis (EMC) virus are available from Dr Thomas Fuerst at 
MVI. We have recently used such a vector to produce an active single-chain antibody 
(SCA) at a level of approximately 2ug/ml. The active SCA appeared to have been 
secreted as evidenced by removal of the signal peptide. While we could also produce 
an SCA version of the chimeric antibody, we do not foresee the necessity of this step for 
this project, where the end product will be a full sized antibody. Instead we will co- 
express heavy and light chain genes either on the same plasmid or introduced on 
different plasmids. Production of whole immunoglobulins from a single 
recombinant virus has been achieved in insect cells using a baculovirus system (43). 
The utility of a rapid transient system depends on how much "tinkering" is required 
on the recombinant protein(s). If the initial design produces an antibody with 
acceptible binding and neutrallization characteristics it could go directly into the final 
expression system. If, on the other hand, more modifications need to be made the 
utility of the transient expression system will be significant. 

Stably co-transformed mouse myeloma cell lines or "transfectomas" will then 
be generated in order to provide an ultimate production source for the modified 
antibodies. This will be done in a manner similar to that described by Oi, et al. (44). 
The heavy and light chain hybrid human-mouse cDNAs will be separately inserted 
mto different expression vectors containing Ig promoter/enhancer sequences, to drive 
transcription of the cDNAs (22,29-31), and the dominant selectable markers for G418 
(neo) or mycophenolic acid (gpt).(22). The expression vectors for the heavy and light 
Cham cDNAs will then be co-transfected (electroporated) into Sp2/0, a non-producing 
mouse myeloma cell line. Transfectants will be selected initially for G418 resistance; 
stable transfectants will then be selected in medium containing both G418 and 
mycophenolic acid to derive cell lines which have incorporated vectors for both the 
heavy and light chains. 

Cell lines will then be screened for production of heaw and light chain proteins 
by radioimmunoprecipitation. Cell lines expressing both chains will then be 
expanded, supematants will be collected and antibody will be purified by affinity 
chromatography on protein G (Gammabind plus, Genex, Inc.). 

5. Characterization of Hiimaniy^ An^j^jp«, 

a- Antibody binding to the RSV F prf^tHn The purified antibodies will be assayed by 
an ELISA for reactivity with the RSV F glycoprotein expressed by a recombinant 
vacama virus (18) or purified RSV virions. To evaluate the relative binding affinity of 
the chimeric antibodies as compared to the parental murine antibody, competition 
sohd-phase radioimmunoassays will performed (18). One antibody will be 
metabolicaUy labeled with ^Ss-methionine. A saturating amount of labeled antibody 
will be mixed with increasing concentrations of either the murine or chimeric 
antibodies and competition curves generated. Reciprocal competition experiments 
will also be performed. In this way inhibition curves can be compared and the 
relative binding affinity of the antibodies can be determined. This assay is in place at 
MVI and has been used to map MAb's to different antigenic sites. 

^- vitro virus nentra]i75^t ir>r. Virus neutralization curves will be determined in 
a standard assay. Serial two-fold dilutions of antibodies will be mixed with 100 tissue 
culture infectious doseso of RSV in the presence of 5% guinea pig complement. After 
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sixty minutes, the virus antibody mixtures will be transferred to Hep-2 ceils in 96-well 
plates and six days later monolayers will be examined microscopically for 
cytopathology. Neutralization titers will be expressed as the lowest antibody 
concentration which inhibits more than 95% of viral cytopathic effect present in 
control wells. 

c. In vitro protection studies in rnttnn mff; Cotton rats will be administered 
different doses of antibody 24 hours prior to intranasal challenge with RSV. Four 
days after challenge the animals will be sacrificed and viral titers in lung and nasal 
tissues will be determined by a standard plaque assay on Hep-2 ceil monolayers as 
described (13). These studies will be done through a contractual arrangement with 
Jackson Foundation (see section H). 

E. Human Subjects 
None 



F, Vertebrate Animals 

The proposed project involves the use of adult cotton rats {Sigmodon hispidus) to 
assess the protective efficacy of antibodies against RSV challenge. Animals will be obtained 
from the Veterinary Resources Branch, Division of Research Services, National Institutes of 
Health. Approximately 45 animals will be used for these studies. 

Animals will be housed at the Uniformed Services University of the Health Sciences 
or off-site at a contract facility on Medical Center Drive, in Gaithersburg, Maryland. An 
AALAC certified veterinarian is available to counsel of the care and use of animals. 
Veterinary care includes a program for prevention of disease; daily observation and 
surveillance for assessment of animals health; appropriate methods of disease control, 
diagnosis, and treatment; and guidance of animal users in appropriate methods of 
handling, restraint, anesthesia, and euthanasia. 

All procedures in this project ensure minimal discomfort to animals. Animals will 
be anesthetized with methoxyflurane prior to intranasal instillation of antibody and virus 
challenge. At four days post-infection; animals will be sacrified by carbon dioxide 
inhalation. 



G. Consultants/Collahnrfltnrs 
(see section H). 



H. Contractual Arrangempntfi 

MVI has established a collaborative research and development agreement with the 
Henry M. Jackson Foundation to develop and produce immunotherapeutic products to 
prevent or to treat senous respiratory infections caused by respiratory syncytial virus 
parainfluenza ^^nises and influenza. Participating from the Jackson Foundation ai^ Drs 
Val Hemming, Gerald Fisher, and Greg Prince who have pioneered the use of 
immunoglobulms in the therapy of respiratory syncytial virus infection. While the initial 
goal of the agreement is to develop high titered, enriched RSV immunoglobulin for 
intravenous use, second generation products are under development that are an 
improvement over intravenous immunoglobulin in regard to potency, duration/protection 
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and ease of delivery. In addition, MVI has licensed from the U.S. Government exclusive 
rights for the topical (aerosolized) use of enhanced immune globulin for the therapeutic and 
prophylactic treatment of RSV infection. No support for this arrangement are sought 
though this SBIR proposal. 
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Figure 1 

Pr phylaxis of RSV Infection in S. Fulviventer 
Using Anti-F Monoclonal Antibodies 
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Figure 2 

Prophylaxis of RSV Infection in S. Hispidus 
Using Anti-F Monoclonal Antibodies 
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Figure 3 



v^l nin i^'i va; r.in St.r Civ AM r:iM v^i rv* ly. Pm ai* s^r v*i tA/.i v^ii HuiwnHV3 
; V4i Cln Lau V«l Gin S«r Cly kl* Clu V«l Lys Lya Pro Ciy Alt S«r Vil Lya v«l m/Hu 
u v^l Cln Lau Gin Gin S«r Gly Ai« Clu Lsu V<1 kiq Pro Gly Al« Lau v«: Lys Lau Murin* 

:3oaF-vH 
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=or zws iva aij. Sor Tiy Tyr Thr Ph« Xan S«r Tyr Tyr mz His Tm v«i A rtfr pi^ ft i-t 
Ssr Cys lys Al« Sar Cly Ph« Aan II* Lys Imp Tyr Tyr Zl* Tyr Trp Val Vrq Gin M.s 
3er CVS Lys Ala S«r Cly PhP Aan TIa r-.^^ Ty> ^* ^TT Val Lys Gin Arg 
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^rn niY f^ln Tiiv Ifll riu Trp Hst Cly 11* !!• Asn Pro S«r Cly Cly S«r Thr 5«r Tyr 
Pro Cly Cln Cly Lau Glu ttp Urn QXj Trp Xla JUp 9m Oln Mma Qlj ta> Sis 91m 
Pro Clu Cln Cly Lau Clu Tl^ oi^ Trri rL> A^ qi« mo ^ tiw. 

65 70 75 00 

AU Cln Lys Pha Gin Cly Ara V.l THi- Wt Thr krr, k^r, T»r <ar T^^ T»,^ »- . 

Asp Vco Ly» Vba Ola Gly Arg V*l Thr Hat Thr Arg Asp Thr Sar Thr Sar Thr Vtl Tyr 

>BI fra Un Vtm Qlnjaiat l-y^ Us sar Ila Thr Sar Asp Thr Sar Sar Asn Thr Ala Tyr 

85 90 95 100 

Cln r^li S«r <iPr t^a Am fi*r f:i.. A^n Thr AT* V, 1 "^r Tvr r^n k^M 

yiei Clu Lau Sar Sar Lau Arg Sar Glu Asp Thr AU Val Tyr Tyr Cys Ala Tyr 
Leu Cln Lau Sar Sar Lau Thr Sar Clu Asp Thr Aia Val Tyr Tyr Cya Alt Tyr 



Figure 4 
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CAC ATC AAC ATC ACC CAC TCT CCA 7CT TCC ATC TAT CTT TCT ctS! OCA C« aS 
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CAC ATC CAC ATG ACC CAC TCT CC? TCC ACC CTC TCT CCA TCT CTA CGA CAC ACA 
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!^ ifE ^ Tyr Tyr Cys Cln Cln Tyr Asn S^r T^r slr 
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GGACCCCOCACCAACCTCCAAATAAAA 
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